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66-Symp
Sculpting and Subversion of Membranes during Poliovirus in Assembly of
RNA Replication Complexes and in Egress
Karla Kirkegaard.
Dept. of Microbiology & Immunology, Stanford University, Standford, CA,
USA.
Infection with many positive-strand RNA viruses dramatically remodels cel-
lular membranes, resulting in the accumulation of double-membraned vesi-
cles that resemble cellular autophagosomes. In this study, a single protein
encoded by poliovirus, 3AB, reconstituted onto synthetic unilamellar lipo-
somes is shown to be sufficient to induce the formation of double-membraned
liposomes via the invagination of single-membraned liposomes. The ability of
a single viral protein to produce structures of similar topology to cellular au-
tophagosomes should facilitate understanding of both cellular and viral mech-
anisms for membrane remodeling. What is the purpose for the virus of
constructing these structures? The cellular process of autophagy is involved
not only in the generation of intracellular structures for the replication of viral
RNA, but also for the nonlytic spread of viruses between cells, On the cyto-
plasmic face of the vesicles generated by membrane proliferation, RNA rep-
lication complexes are establlshed. These complexes include the viral RNA-
dependent RNA polymerase, a 52-kd protein that can oligomerize into two-
dimensional arrays likely to form replicative surfaces on these membranes.
The double-membraned topology of the vesicles is then utilized for the ‘un-
conventional secretion’ of cytoplasmic viruses from the cell without lysis.
Membrane dynamics during Dengue virus will also be discussed, in which
the assembly of viral particles is critically dependent on the process of
autophagy
67-Symp
Class II Membrane Fusion Proteins in Viral and Cellular Fusion Events
Fe´lix Rey1, Benjamin Podbilewicz2, Jimena Perez-Vargas1, Thomas Krey1.
1Pasteur Institute, Paris, France, 2Technion, Haifa, Israel.
Class II proteins are viral membrane fusogenic molecules folded essentially as
beta-sheet and having an internal fusion peptide. In particular, they lack the
characteristic central alpha-helical coiled coil present in the post-fusion confor-
mation of all other viral fusion proteins. The regular, symmetric enveloped vi-
ruses that have been studied so far, such as flaviviruses and alphaviruses, have
been shown to have class II fusion proteins, which in their pre-fusion confor-
mation make an icosahedral shell surrounding the viral membrane. The nega-
tive-stranded RNA viruses of the bunyavirus family - which have been
shown to display a regular icosahedral glycoprotein shell at their surface,
have also been predicted to have class II fusion proteins. We have recently
identified the rubella virus fusion protein as class II, although the virus particles
appear pleomorphic. In spite of the lack of sequence conservation, the available
structures indicate that class II proteins have evolved from a distal, ancestral
gene. We have now discovered that the cellular fusion protein Eff-1, involved
in syncytium formation during the genesis of the skin in nematodes (C. elegans)
and in other multicellular organisms, are also folded as a class II viral fusion
proteins, thereby indicating common ancestry. My talk will discuss the impli-
cations of this finding, which highlights the intricate exchange of genetic infor-
mation that have taken place between viruses and cells during evolution. It also
suggest a mechanism for the cell-cell fusion process, which ahs not been stud-
ied so far.
68-Symp
The HIV-1 Capsid: Assembly and Restriction by TRIM5a
Barbie K. Ganser-Pornillos1, Owen Pornillos1,
Viswanathan Chandrasekaran2, Anchi Cheng3, Wesley I. Sundquist2,
Mark Yeager1,3.
1University of Virginia, Charlottesville, VA, USA, 2University of Utah, Salt
Lake City, UT, USA, 3The Scripps Research Institute, La Jolla, CA, USA.
The mature HIV-1 capsid packages the viral genome and facilitates the reverse
transcription step in early stages of the viral replication cycle. The capsid is
a cone-shaped fullerene shell composed of ~1,500 copies of the virally encoded
CA protein. The subunits form a two-dimensional array of CA hexamers that is
closed by incorporation of 12 CA pentamers. Despite the locally symmetric ar-
rangement of the subunits, the capsid particle itself is non-symmetric. There-
fore, we have used a ‘‘hybrid methods’’ strategy to study the capsid
architecture. Initially, we used electron cryomicroscopy (cryoEM) to obtain
low-resolution views of the quaternary interactions that mediate hexamer for-
mation by analyzing capsid-like structures formed in vitro. Docking atomic res-olution structures of CA subdomains into the cryoEMmap yielded a Camodel,
which we used as a template to design disulfides that stabilized the hexamer,
and the quasi-equivalent pentamer. The structures of the building blocks
were then solved by X-ray crystallography. By comparative analysis of all
the available structures, we identified conformational switches that facilitated
the formation of a non-symmetric capsid. The structural and mechanistic ele-
ments were then combined computationally into an atomic model for the com-
plete capsid.
TRIM5a is a cellular innate immune factor that interferes with retroviral capsid
function. TRIM5a directly binds the capsid, but its pair-wise affinity for the CA
subunit is extremely weak. We have found that TRIM5a assembles into a net-
like lattice that matches the symmetry and spacing of the capsid lattice. This
suggests that recognition of the HIV-1 capsid by TRIM5a occurs through lat-
tice-lattice interactions, and that the weak pair-wise affinity of TRIM5a for the
CA subunit is amplified by avidity. These studies support a model wherein
TRIM5a constitutes a soluble surveillance mechanism in the cell that intercepts
and disables the incoming viral capsid.
69-Symp
The ESCRT Pathway in HIV Budding and Cell Division
Wesley I. Sundquist.
Biochemistry, University of Utah School of Medicine, Salt Lake City, UT,
USA.
The Endosomal Sorting Complexes Required for Transport (ESCRT) pathway
mediates intraluminal endosomal vesicle formation, budding of HIV-1 and
other enveloped viruses, and the final abscission step of cytokinesis in mam-
mals and archaea. I will review our current understanding of the roles of dif-
ferent ESCRT factors in HIV budding and abscission. In particular, I will
describe our experiments aimed at understanding how the filament-forming
ESCRT-III subunits and the VPS4 ATPase assemble and function in mem-
brane fission.
Symposium: Chromosome Packaging,
Processing, and Dynamics
70-Symp
Insights into DNA Packaging and Gene Expression from Computer
Simulations
Wilma Olson.
Dept. of Chemistry/Chemical Biology, Rutgers, the State University of
New Jersey, Piscataway, NJ, USA.
Within the nucleus of each cell lies DNA - an unfathomably long, twisted, and
intricately coiled molecule - segments of which make up the genes that provide
the instructions that a cell needs to operate. As we near the 60th anniversary of
the discovery of the DNA double helix, crucial questions remain about how the
physical arrangement of the DNA in cells affects how genes work. For exam-
ple, how a cell stores the genetic information inside the nucleus is complicated
by the necessity of maintaining accessibility to DNA for genetic processing.
In order to gain insight into the roles played by various proteins in reading
and compacting the genome, our group has developed new methodologies
to simulate the dynamic, three-dimensional structures of long, fluctuating,
protein-decorated strands of DNA. Our a priori approach to the problem allows
us to determine the effects of individual proteins and their chemical modifica-
tions on overall DNA structure and function. The talk will cover our recent
treatment of the communication between regulatory proteins attached to pre-
cisely constructed stretches of chromatin. Our simulations account for the en-
hancement in communication detected experimentally on chromatin compared
to protein-free DNA of the same chain length as well as the critical roles played
by the cationic ‘tails’ of the histone proteins in this signaling. The states of
chromatin captured in the simulations offer new insights into the ways that
the DNA, histones, and regulatory proteins contribute to long-range communi-
cation along the genome.
71-Symp
Molecular Recognition of the Nucleosome by Chromatin Enzymes and
Factors
Song Tan, Ravindra Makde, Joseph R. England, Jiehuan Huang,
Hemant Yennawar.
Penn State University, University Park, PA, USA.
Eukaryotic DNA is packaged in the nucleus as chromatin, and the fundamental
repeating unit of chromatin is the nucleosome. The packaging of histone pro-
teins and DNA into nucleosomes has important consequences for gene regula-
tion, and dozens of chromatin enzymes and factors that target the nucleosome
for gene activation and repression have been discovered. However, the
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recognize the 200 kDa nucleosome is largely
unknown.
My laboratory investigates how chromatin en-
zymes interact with the nucleosome. We deter-
mined the first crystal structure of a chromatin
protein in complex with the nucleosome. Our
structure of the 300 kDa RCC1/nucleosome core
particle complex at 2.9 A˚ resolution explains
how RCC1’s b-propeller domain recognizes the
architecture of the nucleosome through a combi-
nation of both protein-protein and protein-DNA
interactions. Our crystal structure also provides
a first atomic view of the nucleosome core particle
containing the Widom 601 nucleosome positioning sequence. We find that the
601 DNA forms a 145 bp nucleosome core particle and is thus overwound com-
pared to the human alpha-satellite DNA used in prior nucleosome crystals. I
will also discuss the molecular basis for why the Widom 601 DNA sequence
is a strong nucleosome positioning sequence.
72-Symp
Unraveling the Higher Order Structure of Chromatin using Single Mole-
cule Force Spectroscopy
John van Noort, Ph.D.
Physics of Life Processes, BF/LION, Leiden University, Leiden,
Netherlands.
The compaction of eukaryotic DNA into chromatin has been implicated in the
regulation of all processes involving DNA. However, the structure of chromatin
remains poorly understood. This lack of structural information impedes a func-
tional understanding of chromatin at the molecular level. Here I will discuss re-
cent developments in single molecule force and torque spectroscopy techniques
to study this higher order structure.
Using magnetic tweezers and reconstituted designer chromatin fibers, we show
that such fibers stretch elastically up to three times their rest length. The stiff-
ness is independent of the presence or absence of linker histones. At 3 pN an
overstretching transition occurs that can be attributed to simultaneous rupture
of nucleosome-nucleosome interactions and DNA unwrapping.
For quantitative analysis of the compliance of the fibers we use a two-state
model in which nucleosomes are stacked, as found in a folded fiber, or unfolded
in a beads-on-a-string fiber. All force induced transitions up to 10 pN can be
captured in this simple two-state model. Kinetic analysis of the rupture events
suggests that stretching of the histone tails precedes the rupture of nucleosome-
nucleosome interactions. Changes in extension upon exertion of torsional stress
clearly show that the chromatin fibers fold into a left-handed super-helix. Over-
all, by new single-molecule force spectroscopy techniques and quantitative
analysis of the force-extension behavior of single chromatin fibers we resolved
a structural and dynamic picture of chromatin folding.
73-Symp
Fluctuations in Chromatin Structure and Gene Expression
Hinrich Boeger.
MCD Biology, University of California, Santa Cruz, Santa Cruz, CA, USA.
Stochastic models of gene expression assume that promoters randomly transi-
tion between transcriptionally active and inactive states, a concept that has
proved helpful in understanding expression noise and gene regulation. How-
ever, the molecular basis of stochastic promoter switching is unknown. By iso-
lation and electron microscopic analysis of single PHO5 gene molecules from
yeast, we show that the PHO5 promoter randomly transitions between alterna-
tive nucleosome configurations. Mathematical analysis demonstrates that the
probability distribution of alternative promoter nucleosome configurations is
obtained by a simple stationary Markov process of nucleosome assembly, dis-
assembly and sliding. Our results provide direct evidence for the stochastic
transitioning of a eukaryotic promoter between transcriptionally conducive
and inconducive nucleosome configurations, supporting a fundamental propo-
sition of stochastic gene expression models. Combination with fluctuation
analysis of single cell gene expression provides novel insights into the role
of promoter chromatin structure and dynamics for gene expression and
regulation.
Platform: Voltage-gated Na Channels
74-Plat
Crystal Structure of a Pore Only Sodium Channel
David Shaya, Felix Findeisen, Stephanie Wong, Daniel Louis Minor.
UCSF, San Francisco, CA, USA.Voltage-gated sodium channels (VGSC) are central to neuromuscular physiol-
ogy generating the leading phase of action potentials in excitable cells. A va-
riety of marine bacteria produce voltage gated sodium channels that share
features with eukaryotic VGSCs and voltage-gated calcium channels
(VGCCs). These bacterial channels provide tractable subjects for detailed
structural analysis of common features that impact VGSC and VGCC selec-
tivity and gating. We previously reported a structural based design approach
in which dissection of the ion conducting module of bacterial VGSCs from the
voltage sensor domain created a set of stand-alone ‘pore only’ channels
(Shaya et al. PNAS 2011). These ‘pore-only’ channels self-assemble as tetra-
mers and form functional, ion selective channels when incorporated into lipid
vesicles.
Here, we present the crystal structure of a bacterial ‘pore-only’ sodium channel.
The structure encompasses both the transmembrane and the cytoplasmic parts
of the protein and reveals new features that impact channel assembly, gating,
and ion permeation.
75-Plat
Access to the Pore of a Voltage-Dependent NaD Channel is Controlled by
an Intracellular Gate
Kevin Oelstrom1, Miguel Holmgren2, Baron Chanda1.
1University of Wisconsin-Madison, Madison, WI, USA, 2NIH/NINDS,
Bethesda, MD, USA.
Voltage-gated sodium channels (VGSCs) are transmembrane proteins respon-
sible for the initiation and propagation of electrical signals within excitable
cells. Upon activation, VGSCs undergo a series of conformational rearrange-
ments transiently opening a Naþ selective pore. Exactly how Naþ access the
pore remains unclear. It is known that intracellular application of quaternary
derivatives of lidocaine, as well as the cytoplasmic tail of the beta-4 subunit
produces open channel blockade. Also, mutated residues in the pore-lining
S6 helices alter channel gating and disrupt local anesthetic binding. This infor-
mation supports the notion that a portion of the S6 helices may form an activa-
tion gate, much like Kþ channels, which can physically occlude the
intracellular mouth of the pore. In order to determine if such a gate exists,
we employed the substituted cysteine accessibility method. Cysteine residues
were introduced into the domain IV S6 helix and monitored for chemical mod-
ification by the positively charged thiol reagent MTSET. Using a fast-
inactivation removed Nav1.4 mutant as our background, it was possible to
probe the pore without interference from the inactivation gate in inside-out
patch clamp recordings. In many sites within the membrane spanning region,
cysteine reacted with MTSET only in the open state. More C-terminal positions
were modified in both states. This data, in conjunction with the relative location
of each residue, suggests that an intracellular activation gate is responsible for
granting Naþ access to the pore.
76-Plat
The Unique Role of the Domain IV Voltage-Sensor in Fast Inactivation
Deborah Capes1, Manoel Arcisio-Miranda2, Marcel Goldschen-Ohm3,
Francisco Bezanilla4, Baron Chanda3.
1Harvard Medical School, Boston, MA, USA, 2Federal University of Sao
Paulo, Sao Paulo, Brazil, 3University of Wisconsin, Madison, WI, USA,
4University of Chicago, Chicago, IL, USA.
Unlike the potassium channel, the voltage-sensors of the sodium channel are
homologous but not identical. Prior studies have suggested that each voltage-
sensor may play a different role in the processes of activation and inactivation.
In order to characterize the role of the voltage-sensors in the process of fast in-
activation, we neutralized the first three charges in specific voltage-sensors to
glutamine. We reasoned that simultaneous neutralization of critical gating
charges in a voltage-sensor would be sufficient to functionally impede the af-
fected voltage-sensor and thus allow us to determine how the properties of
fast inactivation are altered by removing that particular source of voltage-
dependence. Our experiments reveal that activation of the domain (D) IV
voltage-sensor allows fast inactivation to occur. Our results provide solid evi-
dence for the unique importance of the DIV voltage-sensor in the process of fast
inactivation.
77-Plat
Involvement of Separate Regions of the NAV Channel DIII-IV Linker
Revealed through State Dependent Trapping with Genetically Encoded
Photochemistry
Samuel J. Goodchild1, David Fedida1, Christopher A. Ahern2.
1University of British Columbia, Vancouver, BC, Canada, 2University of
Iowa, Iowa City, IA, USA.
Fast inactivation in voltage-gated sodium channels results from rapid and re-
versible conformational changes in the cytoplasmic linker between domains
